Abstract: The Japan Nurses' Health Study (JNHS) is a long-term, large-scale cohort study investigating the effects of various lifestyle factors and healthcare habits on the health of Japanese women. Based on currently limited statistical data regarding the incidence of disease among Japanese women, our initial sample size was tentatively set at 50,000 during the design phase. The actual number of women who agreed to participate in follow-up surveys was approximately 18,000. Taking into account the actual sample size and new information on disease frequency obtained during the baseline component, we established the prevalence of past diagnoses of target diseases, predicted their incidence, and calculated the statistical power for JNHS follow-up surveys. For all diseases except ovarian cancer, the prevalence of a past diagnosis increased markedly with age, and incidence rates could be predicted based on the degree of increase in prevalence between two adjacent 5-yr age groups. The predicted incidence rate for uterine myoma, hypercholesterolemia, and hypertension was ≥3.0 (per 1,000 women, per year), while the rate of thyroid disease, hepatitis, gallstone disease, and benign breast tumor was predicted to be ≥1.0. For these diseases, the statistical power to detect risk factors with a relative risk of 1.5 or more within ten years, was 70% or higher.
Introduction
Many large-scale epidemiological studies of women's health have been conducted in various parts of the world, such as the Nurses' Health Study (NHS) 1, 2) , the Iowa Women's Health Study 3) , the Women's Health Initiative Study(WHI) 4) , the Women's Health Study 5) , the Million Women Study(MWS) 6) , the Australian Longitudinal Study on Women's Health 7) , and the Shanghai Women's Health Study 8) . Nevertheless, large-scale research of this nature has been comparatively rare in Japan. Among those investigations previously conducted, the NHS incorporates a unique occupational cohort and observes lifestyle and health events by biennial questionnaires. Although the NHS has greatly contributed to women's health worldwide by reporting the findings on oral contraceptives, postmenopausal use of hormones, smoking, food and shift work 1) , the findings cannot necessarily be generalized for Japanese women. Japanese women may have a different lifestyle, working environment, and healthcare practice from women in western countries, and as such, it is important to consider cultural and biological interactions during women's health studies 9) . The Japan Nurses' Health Study (JNHS), was designed to be comparable with the NHS, and is a large-scale epidemiological cohort study investigating women's lifestyle habits and health, that is planned to follow female nurses aged 25 yr and over for at least ten years 10) . The objectives of the JNHS are to monitor the occurrence of various diseases prospectively, including female-specific diseases, and to assess the effects of various lifestyle factors and healthcare habits on the health of Japanese women. The JNHS consists mainly of a cross-sectional baseline survey and longitudinal follow-up surveys. The baseline survey was completed in 2007, during which responses were received from 49,914 women from 47 prefectures all over Japan. Among the respondents, approximately 18,000 women agreed to participate in the follow-up surveys.
Calculating the sample size of a study population is indispensable for clinical trials. Even in an observational epidemiological study, it is essential that the study protocol describes sample size and adequate statistical power. For example, the Women's Health Initiative (WHI) study described its statistical power calculations for an observational study as well as for clinical trials conducted by the WHI 4) . If an association between a lifestyle factor and a disease truly exists, the possibility to detect statistical significance of the association greatly depends on the strength of the association and incidence rates of this disease in the population. Nevertheless, we were unable to find any reliable statistical data on the incidence rate of diseases among Japanese women, except for population-based cancer registries 12) . The initial sample size of the JNHS baseline survey was tentatively set at 50,000 based on the populationbased cancer registries, i.e. the incidence rates of breast cancer and endometrial cancer in the Japanese general female population at the study design phase. Therefore, it is important to examine the statistical power for long-term studies, based on more reliable information of the JNHS population which may be obtained after initiation of the study. For example, in a paper describing the design of the Million Women's Study 6) , it was reported that the statistical power was updated during the study entry period. These revisions were based on information obtained from new studies indicating that mortality in women taking hormonal agents is likely to be 20% lower than that of the general female population.
In the JNHS, it was considered essential to examine the statistical power of follow-up surveys, as the actual sample size of participants, who consented to the follow-up, was approximately 18,000. The present study investigated the prevalence of a past diagnosis of various diseases among 5-yr age groups based on the JNHS cross-sectional baseline survey. We also predicted the incidence rates of these diseases, and examined the statistical power to detect risk factors for diseases in the JNHS.
Materials and Methods
The present study analyzed data obtained from a total of 44,139 women who participated in the JNHS cross-sectional baseline survey in 2001-2004. These women were divided into 5-yr age groups as follows: 30-34 yr (n=10,471); 35-39 yr (n=9,466); 40-44 yr (n=9,060); 45-49 yr (n=7,572); 50-54 yr (n=5,542); and 55-59 yr (n=2,018). The study design of the JNHS and characteristics of the respondents at the baseline survey have been described in detail elsewhere 10) . The following diseases were studied: hypertension, myocardial infarction, angina pectoris, subarachnoid hemorrhage, cerebral hemorrhage, cerebral infarction, transient ischemic attack, vein thrombosis/ pulmonary embolism, artery thrombosis of lower limbs, diabetes mellitus, thyroid disease, hypercholesterolemia, gallstone disease, hepatitis, endometriosis, uterine myoma, uterine cervical cancer, endometrial cancer, ovarian cancer, benign breast tumor, breast cancer, stomach cancer, colorectal cancer, and osteoporosis.
The prevalence of a past diagnosis, which refers to the proportion of women who had been diagnosed at the time of the baseline survey, was calculated for each of these diseases. The Cochran-Armitage test for trend was used to examine whether the prevalence of past diagnosis increased monotonously with age among the six 5-yr age groups. Analyses were performed on Statistical Analysis System Software (Ver 8, SAS Institute, Cary, NC), and the level of significance was set at a two-sided 5%. When the prevalence of past diagnosis of a disease increased monotonously with age, it was assumed that women developed the disease between adjacent age groups, and the incidence rate of the disease was predicted based on the degree of increase between the two adjacent age groups. For example, for one 5-yr age group (i) and the next 5-yr age group (i+1), the incidence rate of a rare disease between the two groups was calculated using the following formula:
where, N i and N i+1 represent the numbers of subjects, D i and D i+1 are the numbers of individuals diagnosed with the disease, P i and P i+1 are the prevalence of past diagnosis (P i =D i /N i ), and AGE i and AGE i+1 are the average ages. As shown by the following formula, the inverse of the variance in each incidence rate between two adjacent age groups (e.g., between 30-34-yr-olds and 35-39-yr-olds) was weighed in order to calculate the overall incidence rate from 30-59 yr of age, I, for each disease.
We also examined how many years of follow-up would be needed in the JNHS in order to detect the statistical significance of an association. When observing the occurrence of a disease by following 18,000 participants while setting the level of significance (two-sided α) at 5% and the proportion of exposure to a specific factor among the survey participants (exposed group) at 20%, statistical power (1-β) was calculated with the minimum relative risks of 1.5 and 2.5 to be detected at 2, 4, 6 and 10 yr after the baseline survey, according to the following formula 11) :
where, Z 1-α/2 and Z 1-β refer to the unit normal deviates corresponding to level of significance (α), and statistical power (1-β); n is the sample size (18,000); R is the minimum relative risk to be detected; K is the ratio of the sample size of the unexposed to that of exposed groups (4, because the proportion of participants who had ever used female hormone agents (oral contraceptives and/or postmenopausal use of hormones) was about 20% at the baseline survey); I is the predicted overall incidence rate of each disease among the surveyed population; and p 0 is the cumulative incidence rate of each disease up to "y" years among the unexposed group.
Results

Prevalence of a past diagnosis and the predicted incidence rate of each disease
The prevalence of a past diagnosis of uterine myoma, hypercholesterolemia, endometriosis and hypertension exceeded 5% (Table 1) . Because the weight of young participants was relatively high in the baseline survey, the prevalence of past diagnosis of gynecological diseases that are often seen in women aged 30-34 yr was high. As the results of the Cochran-Armitage test for trend, the prevalence of past diagnosis of all diseases increased monotonously according to age, excluding ovarian cancer. This tendency was particularly marked for hypercholesterolemia, uterine myoma, diabetes, gallstone disease, hepatitis, osteoporosis, angina pectoris, and hypertension. Figure 1 shows the prevalence of past diagnosis for the three most frequent diseases among 55-59-yr-old women (i.e., hypercholesterolemia, hypertension, and uterine myoma) for each 5-yr age group. The prevalence of past diagnosis increased markedly with age, thus suggesting disease occurrence. Based on the degree of increase in the prevalence of past diagnosis between two adjacent 5-yr age groups, overall incidence rates were predicted from 30 to 59 yr of age. The predicted overall incidence rate was ≥3.0 (per 1,000 women per year) for uterine myoma, hypercholesterolemia, and hypertension, and ≥1.0 for thyroid disease, hepatitis, gallstone disease, and benign breast tumor (Table 2) . Among all age groups, the predicted incidence rate of gynecological diseases such as uterine myoma, endometriosis, uterine cervical cancer, and benign breast tumor increased from the 30's to the early 40's, while the incidence of so-called 'lifestyle-related' diseases such as hypertension, angina pectoris, cerebral infarction, diabetes, hypercholesterolemia, and osteoporosis increased from the late 40's to the 50's. Table 3 shows the statistical power for diseases listed in decreasing order of the predicted incidence rate in relation to the follow-up period. When following 18,000 women aged 30-59 yr, the statistical power for uterine myoma (7.72/ 1,000 women per year) after 2 yr of follow-up was 81% with a relative risk of 1.5 or more. With regard to other diseases, the statistical power exceeded 70% after 4 yr for hypercholesterolemia and hypertension, after 6 yr for thyroid disease, after 8 yr for hepatitis and gallstone disease, and after 10 yr for benign breast tumor. For diseases where the statistical power did not reach 70% after 10 yr of follow-up with a relative risk of 1.5 or more, the statistical power was recalculated with a relative risk of 2.5 or more. The statistical power exceeded 70% after 4 yr for endometriosis, diabetes, and breast cancer, after 6 yr for osteoporosis; after 8 yr for angina pectoris and stomach cancer, and after 10 yr for transient ischemic attack and uterine cervical cancer.
Calculation of the statistical power to detect a risk factor for a particular disease
Discussion
The present study identified marked increases with age in the prevalence of past diagnosis for all diseases, excluding ovarian cancer. We proposed a simple method for predicting an incidence rate based on the degree of age-related increase in the prevalence of past diagnosis. The incidence rate of each disease was also predicted. Nevertheless, there are several assumptions and limitations associated with the prediction of incidence rates. Firstly, we assumed the lack of a cohort effect on disease occurrence. In other words, we assumed that the disease incidence rate among 5-yr age groups was the same for all cohorts. While it is possible that changes in lifestyle habits bring about systemic changes in disease occurrence among cohorts, this point was not taken into account. For example, it is uncertain whether an observed increase in the prevalence of hepatitis is affected by aging, such as the duration of occupational hazard exposure, or by a cohort effect. The incidence rates of gynecological diseases such as endometriosis, benign breast tumor, ovarian cancer and endometrial cancer between 45-49-yr-old and 50-54 yr-old were negative in value (Table 2 ). This might be influenced by a cohort effect related to reproductive health.
Secondly, data from women who died due to diseases were not included in the JNHS. The prevalence of past diagnosis of ovarian cancer was highest among women aged 45-49 yr, and did not indicate a monotonous statistical increase (Table 1 ). This might be influenced by a higher fatality rate of ovarian cancer compared with that of uterine cervical cancer or endometrial cancer. Thirdly, most participants were working. They had past diagnoses of diseases but were # : per 1,000 women per year. A negative value for the incidence rate means that the prevalence of a past diagnosis of one 5-yr age group was higher than that of the next 5-yr age group.
Industrial Health 2007, 45, 687-694 able to work, thus they had diseases with relatively favorable prognoses. It is possible that severe outcomes were excluded, which could have resulted in an underestimate of the prevalence of past diagnoses. Nevertheless, the prediction of an incidence rate might not be greatly influenced, because this underestimate may share similar tendencies between 5-yr age groups, and that non-severe outcomes occur more frequently than severe ones. Few reliable statistical data are available regarding the incidence rate of diseases among Japanese women, except for an estimated incidence rate of cancer based on populationbased cancer registries 12) . According to these cancer registries, the incidence rate of breast cancer is 0.170 (per 1,000 women per year) among women aged 30-34 yr, 0.419 among women aged 35-39 yr, 0.810 among women aged 40-44 yr, 1.264 among women aged 45-49 yr, 1.122 among women aged 50-54 yr, and 1.012 among women aged 55-59 yr. These incidence rates are consistent with the predicted incidence rates of breast cancer for corresponding age groups in Table 2 . With regard to uterine cervical cancer, uterine cancer, ovarian cancer, stomach cancer, and colorectal cancer, there were marked variations in each incidence rate among the age groups due to sample size limitations. However, the predicted overall incidence rate from ages 30 to 59 was mostly comparable with that of the cancer registries. We believe that the predicted incidence rate can be a reference for the incidence rate of each disease investigated in our study population of the JNHS.
Based on the predicted overall incidence rate, the statistical power for each disease was examined. For diseases with high incidence rates, such as uterine myoma, hypercholesterolemia, and hypertension, the statistical power was able to assess an increase of 1.5 or more in relative risk for factors with an exposure prevalence of 20% within 4 yr. With regard to diseases with an overall incidence rate of ≥1.2 (per 1,000 women per year), such as thyroid disease, hepatitis, and gallstone disease, it was possible to investigate an increase of about 1.5 or more in relative risk within 10 yr. Furthermore, with an increase of about 2.5 or more in relative risk, it was possible to investigate diseases with an overall incidence rate of ≥0.25, such as endometriosis, diabetes mellitus, osteoporosis, stomach cancer, and uterine cervical cancer, within 10 yr.
The incidence rate of diseases was predicted in the present study when the age composition of the survey population was the same as that of the baseline survey. However, as the follow-up surveys continue, the age distribution of the survey population will gradually shift towards higher ages. Therefore, the overall incidence rate of the entire population group will be higher, even if it is assumed that the incidence rate for each age group does not change. It is expected that the JNHS will have greater statistical power to detect a risk factor for each disease. On the other hand, a loss of followup reduces statistical power. However, the U.S. Nurses' Health Study had maintained a high follow-up rate of >90% during more than 10 yr 1) . Maintenance strategies for our JNHS cohort are described in detail elsewhere 10) .
Conclusion
Overall, we conclude that even with the current sample size, it is possible to achieve the stated goal of the JNHS; to clarify gynecological health problems in Japan and establish epidemiological evidence of health care at various life stages among Japanese women.
